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Plant major polyamines (PAs) are diamine putrescine (Put), triamine spermidine (Spd) and two
tetraamines, spermine (Spm) and thermospermine (T-Spm) (Fig. 1). These biogenic amines play
important roles in various physiological processes including growth, development, senescence
and adaptive responses against environmental changes. PA contents are mainly controlled by
equilibrium between biosynthesis and catabolism. PA biosynthetic pathway is well established in
plants (Fig. 2). Put is synthesized from either ornithine or arginine by ornithine decarboxylase
(ODC) and arginine decarboxylase (ADC), respectively. In Arabidopsis, ODC pathway is missing.
Put is converted to Spd by Spd synthase (SPDS). Spd is further converted to Spm or T-Spm with
the reactions catalyzed by Spm synthase (SPMS) and T-Spm synthase (ACL5 or TSPMS),
respectively. SPDS, SPMS and ACL5 reactions require another substrate, decarboxylated S-
adenosylmethionine (dcSAM), which is derived from S-adenosylmethionine (SAM) by the reaction
of SAM decarboxylase (SAMDC). On the other hand, knowledge on PA catabolic pathway is
incomplete. Two enzymes, copper-containing amine oxidase (CuAO) and flavin-adenine
dinucleotide associated polyamine oxidase (PAO), are involved in the pathway. Arabidopsis
contains at least 10 CuAO genes and 4 out of them were partially characterized. In general it is
believed that CuAO can catabolize diamine Put and generate 4-aminobutanal, ammonia and
H,0, (Fig. 3). Maize ZmPAO is the most studied plant PAO. This enzyme catalyzes a reaction,
the so-called terminal catabolism. Spd and Spm are oxidized and converted to 4-aminobutanal
and N-(3-aminopropyl)-4-aminobutanal, along with 1,3-diaminopropane and H,O, (Fig. 3). Barley
HvPAO1 and HVPAO?2 also showed the activity to catalyze the terminal catabolism. However, the
recent research on Arabidopsis PAOs revealed that plant has the PAO catalyzing alternative
reaction called ‘back-conversion’. This type of PAO interconverts Spm and T-Spm to Spd and/or
further to Put, along with 3-aminopropanal and H2O2 production (Fig. 3).
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Figure.1. Structure of major polyamines in plant.
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Figure2. Polyamine biosynthesis pathway in plant.
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With the above background, | have studied several PAOs in Oryza sativa and Arabidopsis
thaliana. The O. sativa genome contains 7 PAQO isoforms which are termed OsPAO1 to OsPAQO?7.

In chaper 1, | have characterized the expression of 7 OsPAOs and found that OsPAOS3,
OsPAO4 and OsPAQOS5 are abundantly expressed in young seedling stage and in maturing stage
of flowers while OsPAO1, OsPAQO2, OsPAO6 and OsPAQO7 were expressed at very low levels
with different tissue specificities. Then, the recombinant OsPAO3, OsPAO4 and OsPAO5
proteins were purified and characterized. OsPAO3 favored Spd as substrate followed by T-Spm
and Spm. OsPAO4 and OsPAOS5 shared similar PA substrate specificity. Both the enzymes
preferred Spm and T-Spm but not Spd. The analyses of the reaction products revealed that those
three OsPAOs catalyze the back conversion reaction. Furthermore, the amino acid sequences of
their carboxy termini are SRL (OsPAO3 and OsPAO5) and CRT (OsPAO4), respectively,
indicative of the peroxisomal targeting signal. In fact, they localize in peroxisomes in plant cells.

Taken together, | conclude that OsPAO3, OsPAO4 and OsPAQOS5 are constitutively and highly
expressed in O. sativa and their products localize in peroxisomes and catalyze PA back
conversion reaction.

In Arabidopsis thaliana, there are five PAO genes, AtPAO1 to AtPAQOS5, and all their products,
except AtPAOS5, have been biochemically characterized. Thus, in chapter 2, | examined A{PAO5
and its gene product AtPAO5. The recombinant AtPAO5 showed different pH optima for Spm (pH
7.5) and for T-Spm (pH 6.5). Under both pH conditions, Spm and T-Spm were converted into Spd
by AtPAOS5 but not further to Put. The result indicates that AtPAOS5 is also a back conversion
enzyme. | further addressed the physiological function of AtPAOS5. For this purpose, | used the
loss-of-function pao5 mutants. Two allelic mutants, pao5-1 and pao5-2, specifically contained
about two-fold higher T-Spm levels compared to wild type (WT) plants. Those mutant plants have
shorter inflorescence stems and smaller and distorted rosette leaves compared to WT plants (Fig.
4). Although WT and pao5 mutants at the seedling stage were indistinguishable, low T-Spm
doses could arrest the growth and development of the pao5 mutant aerial parts in a T-Spm-
specific manner. Introduction of the wild type A{PAO5 gene into the pao5 mutant resulted in
growth recovery and a concomitant decrease in T-Spm content, demonstrating that AtPAOS5 is
essential for T-Spm oxidation.

The pao5 mutant, lacking T-Spm oxidation, and the ac/5 mutant, lacking T-Spm synthesis,
both showed severe growth defects, confirming the critical role of T-Spm in plant growth and
development (Fig. 5).
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Figure 4. Growth phenotypes of
(A) WT (Col-0) and (B) pao5-2.
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